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An electron paramagnetic resonance study of x-ray irradiated single
crystals of lithium acetate dihydrate and mercuric acetate has been
made. The • CH2CO2 radical has been identified in lithium acetate
dihydrate irradiated at liquid nitrogen temperature. The HCK angle
was found to be 118. °2 + 2.0°. The principal elements of the hyperfine
tensor and the g tensor were calculated. Mercuric acetate irradiated
at liquid nitrogen temperature showed the presence of two CO2 species.
Spectra at -80°C showed the presence of two • CH2CO2 radicals. The
principal values of the hyperfine tensor for the two magnetically
distinct sites were obtained.
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I. INTRODUCTION TO ELECTRON PARAMAGNETIC RESONANCE
A. BACKGROUND ON EPR SPECTRA OF TRAPPED ORGANIC RADICALS
IN SINGLE CRYSTALS
Since its discovery in 1945 by Zavoisky, electron paramagnetic
resonance has become one of the most powerful tools in physical research,
and many different systems have been studied. Of particular interest
in recent years has been the study of single crystals which have been
irradiated to form organic radicals within the crystal lattice [ 1]. Single
crystals have been used as host for organic radicals because in poly-
crystalline solids the radicals are highly anisotropic. This anisotropy
causes broadened hyperfine resonance lines which make interpretation
of the spectra difficult and cause the weaker sionals to be obscured,
XT O
Gisch [2] gives an excellent background on EPR studies of trapped
organic radicals in single crystals beginning with some of the earliest
work and continuing through 1968. The studies made on single crystals
of saturated carboxylic acids and their salts , the simpler amino acids
,
and certain unsaturated acids
,




or high energy electrons were summarized. Since 1968 work has continued
with EPR investigations of the radicals formed in these single crystalline
hosts. Improvements in the art of growing single crystals have allowed
researchers to examine even the most complex amino acids. Box, Freund,
and Budzinski have studied one of the 10 essential amino acids
,
valine,
and by use of EPR have determined the effects of irradiation of a single

crystal of this acid. They were able to identify the radical formed
in valine following irradiation at liquid nitrogen temperature as
(CH3)2 CHCH* COOH and found that the unpaired electron was on theffi
carbon. By proper temperature control individual phases in the radi-
ation damage process were isolated [3]. Shields, Marsh, and Hamrick
[4] have studied the irradiation damage of five amino acids and by
correlation with optical spectra have used EPR to identify trapped
radicals of the form R1R2CCOOH in the amino acids glycine, alanine,
and aspartic acid. Valine and leucine were found to have no optical
absorption which verified earlier findings that the unpaired electron
was on they3 carbon and a IT system does not exist in these acids
[3].
B. BACKGROUND ON EPR INVESTIGATIONS OF METALLIC ACETATES
Analysis of the spectra from radiation damaged crystals of metallic
acetates has been primarily concerned with the identification of the
trapped radical (s) by interpreting the hyperfine proton interaction.
Kispert and Rogers [8] investigated the EPR spectra of single crystals
of sodium acetate trihydrate irradiated and observed at liquid nitrogen
temperatures. Four lines with intensity ratios of 1:3:3:1 and proton
hyperfine splitting of 22. 5G were observed. In addition, each of the
four lines had two satellite lines which were observed only at high micro-
wave power. The four lines were identified as the methyl radical,
•CH3, and the satellite lines were attributed to spin flip transitions
10

arising when there is a simultaneous change in the spin state of the odd
electron on the methyl radical and of the neighboring protons of the
water of crystallization. Tolles , Crawford, and Valenti [9] noted the
presence of the methyl radical in single crystals of zinc acetate
dihydrate irradiated at 11 K. Decay of the methyl radical was found to
correspond to an increase in the • CH2CO2 radical. The proposed
mechanism was hydrogen abstraction by the methyl radical from a
neighboring acetate ion.
•CH 3 + CH3CO2 > CH4 + -CH2C02
They supported this hypothesis by synthesizing Zn^H^DCC^^* 2H2O and
showed that the decay and growth of this species exhibited an isotope
effect. The barrier to internal rotation of the CH2* about the C-C
bond was calculated to be 5. O 1-^! . Tolles , Sanders and Gisch [10]
Mole
found that single crystals of strontium acetate hemihydrate irradiated
•
2-
at liquid nitrogen temperatures produced the radical CH3CO2 and not
the methyl radical as in other acetates. Upon warming the irradiated
2-
strontium acetate crystal it was found that CH3CO2 was replaced by
two distinct • CH2CO2 radicals. Apaydin and Clough [11] investigated
the irradiation damage in single crystals of cupric acetate monohydrate
which had been irradiated at room temperature. In this crystal the
2+
Cu ions form exchange coupled ion pairs and the conversion of one
member of a pair to diamagnetic Cu+ ion. Morton-Blake [12] investigated
single crystals of cupric acetate monohydrate following irradiation at
11

liquid nitrogen temperatures. He found a prominent spectrum of an
S= 1/2 species and attributed this paramagnetic change to electron
transfer and pairing to one of the electrons in the Cu-Cu pair. Morton-
Blake [13] found a similar S=l/2 species in irradiated single crystals of
nickel acetate. The presence of the spin 1/2 species indicated that one
.2+
of the electrons in Ni ion had paired with a free electron created in
the crystal following irradiation.
EPR studies of the above mentioned acetates are the only known
published reports. It, therefore, becomes the purpose of this report
to investigate with EPR irradiated single crystal acetates not previously
reported in literature. The two crystals selected were lithium acetate
dihydrate and mercuric acetate. This work will: (1) report possible
radical species present following x-ray irradiation at both room and
liquid nitrogen temperature
, (2) obtain best principal values of the A
and g tensors of the radicals formed , (3) study temperature dependence
of radical formation, and (4) make recommendations for future studies
of these acetate crystals.
C. SPIN HAMILTONIAN OF TRAPPED RADICALS IN SINGLE CRYSTALS
Using the notation of Slichter [16] the spin Hamiltonian for a free
radical in which a single unpaired electron may interact with several
nuclei may be written:
12

The first term represents the Zeeman energy, or the energy of inter-
action between the electron spin moment with the external magnetic
field. The second term represents the enrgy of interaction between
the i nucleus and the external magnetic field. The third term rep-
resents the summation of the energy of the hyperfine interaction
between the electron spin and the spin of the i nucleus , l£. Aj is
the hyperfine coupling tensor. This third term is also known as the
sum of the isotropic Fermi contact interaction and the anisotropic
dipolar action.
The elctron Zeeman term can be written:
97 - Ofu.. //. u\l Qsu Q... q^ If
The g tensor is anisotropic only if there is spin orbit coupling, i.e.
if the electron possesses both spin and orbital angular momentum. An
anisotropic g tensor means that the electron spin is not oriented exactly
along the magnetic field tensor and; therefore, S does not represent
the true spin of the electron. The true form of the Hamiltonian for an





where S is a fictitious spin. In the presence of a magnetic field there
will be an interaction between H and the orbital angular momentum
,
of the electron. Thus , the true Hamiltonian for the magnetic inter-
action can be written:
%* /BHl +3e/3H-3
Carrington and McLachlan [14] show that the two forms for the true
spin Hamiltonian are equivalent. By writing the matrix representation
of the two Hamiltonians in the same basis the following equations are
derived:
Q a OPT <QMn><nJly/o>
?eY loli?/n)<n/Lglo>
where P represents the spin orbit coupling constants which can be
found from atomic spectra. Au n can be derived from electronic
spectra and is the difference in energies from the ground state to the
n"1 electronic level. Reference 17 points out that most g tensors of
14

organic free radicals are within 1% of the free electron value of
2.002319.
Morton [18] has an excellent description of the hyperfine interaction
between the electron spin S and the nuclear spin I. Since g is nearly
isotropic the hyperfine tensor A will be a symmetrical 3x3 matrix
which can be diagonalized and resolved into isotropic and anisotropic
components „ Together the two components form an effective
Hamiltonian given by:
The first term is the isotropic interaction and is usually called
the Fermi-contact interaction. This term will be non-zero only if the
\lr (0) term is non-zero; that is, if the orbital of the unpaired
electron has S character. It is possible to estimate the S-character
of the orbital by comparing the experimentally determined A with a
parameter A calculated as if the electron were entirely in the S orbital
of the atom concerned.
The second term of the equation is the anisotropic or dipole-dipole
interaction of the electron and the nuclei. The anisotropic term gives





The primary work of the EPR spectroscopist is to obtain information
about the A and g tensors of the spin Hamiltonian. To get this in-
formation, experimental measurements must be made on single crystals
which for this work have been irradiated to form the radical (s). From
the outward appearances of the crystal, a set of orthogonal (xyz) axes
can be chosen. Any convenient axes may be used but it is important to
pick a set which can be assigned similarly to different crystals of the
same material. Once a set of axes is chosen, the crystal can be rotated
with knowledge of the position of the external magnetic field with
respect to these axes. Then by orienting the crystal at different-
values of and 0, a coupling constant (s) is obtained for each orienta-
tion. The crystal rotation, 0, and the rod rotation 9 are shown in
Figure 1.
The g tensor was obtained by rotating the crystal through 9 and
as above for the A tensor and comparing the location of the resonance
line(s) relative to that of 2,2 diphenyl-1-picrylhydrazyl (DPPH). The
g tensor for DPPH is known from literature and is 2. 0036. The position
of the resonance line for DPPH was marked in the recorder relative to
the resonance spectra for a solid mixture of 0.1% M11CI2 in MgO. The
EPR spectra for 0.1% MnCl2 in Mp-0 consists of a single line, each
86. 84 gauss independent of orientation. The DPPH displayed a sinjle
16

line at 3263. 97 gauss. This line for DPPH was located between the
3214. 57 gauss and 3301. 41 gauss lines of 0. 1% MnCl 2 in MgO. Since the
g values for most single crystals are near the free electron value , the
lines for the g tensors of lithium acetate dihydrate and mercuric acetate
were expected to lie near the line for DPPH. The reading of 3263. 97
gauss for the g value of DPPH was set equal to 2.0036. The DPPH was
removed from the glass rod and the irradiated single crystal was placed
on the rod. By use of the formula for resonance and assuming constant
energy, one can write for the DPPH:
hv = P$om>H /loi>
which then equals the unknown term gunk B Hunk :





Thus, by measuring the value of the magnetic field at the point of
resonance for the sample , the value of gunk can be calculated.
Values for both the A and g tensors were calibrated by comparison





All the EPR spectra were obtained with a Varian V - 4502 - 06 X band
• • KcEPR spectrometer utilizing 100 /sec modulation with a nine inch magnet
and field dial regulation. The cavity was a conventional reflection type
cavity, equipped with a Varian variable temperature control unit. The
temperatures were additionally monitored with a copper-constantan
thermocouple
.
Single crystals were exposed to x-ray radiation using a copper
target at 40KV and 40 mA. .For irradiation at room temperature,
exposures were for 1 hour , while at liquid nitrogen temperatures
,
irradiation was for 2 hours. Gisch [2] reported that precooling of
strontium acetate hemihydrate was required to prevent shattering
of the crystals when first exposed to liquid nitrogen temperatures.
This precooling was found to be unnecessary for any of the crystals
investigated in this work.
Crystals were aligned on a glass rod by the use of a Baush and
Lomb microscope. Only the angle needed to be aligned with the
microscope since the crystal was rotated in the cavity about the angle 9.
The method of crystal orientation at room temperature is described by
Crawford [19]. At liquid nitrogen temperatures the crystals were
aligned without warmup by keeping the crystals in a liquid nitrogen





Figure 1, The orthogonal axis system (x,y,z) utilized to orient crystal
relative to the magnetic field (top). The rotations
and (g ) (bottom).
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The quartz rods on which the crystals were mounted had two flats
ground parallel to each other on both ends of the rod. The end opposite
the mounted crystal was clipped to an angle indicator positioned over
the center of the spectrometer cavity. It was estimated that the
angular position of the crystal (0 ) could be measured accurately within
+1° with this apparatus [19, 20]. The angle could be determined within
+1° when oriented at room temperature and within +3° when oriented at
liquid nitrogen temperatures.
C. CRYSTAL GROWING
1. Lithium Acetate Dihydrate
Single crystals of lithium acetate dihydrate were grown by slow
evaporation of a saturated aqueous solution at room temperature.
Lithium acetate dihydrate from the J. T. Baker Chemical Company,
Phillipsburg , New Jersey, was utilized with no further test for purity.
By mixing 25 grams of lithium acetate dihydrate with 100 ml of distilled
water a saturated solution was obtained. A modified Petri dish
9 centimeters in diameter and 2 centimeters deep was filled half full
with the solution and then covered. The amount of the dish covered had
a large influence on the size and quality of the crystals grown. About
90 percent coverage was found to produce the best crystals. The lithium
acetate dihydrate crystal crystallized as shown in Figure 2. The choice
of the crystal axes is shown.
20






Single crystals o£ mercuric acetate were grown under the same
conditions as those for lithium acetate dihydrate. It was found that
single crystals of mercuric acetate could be grown every time by mixing
32 grams of mercuric acetate from the J.T. Baker Chemical Company,
Phillipsburg , New Jersey, with 100 ml of distilled water. About 80%
coverage of the dish gave the best results. Three or four hours after
mixing the solution , the bottom of the Petri dish would be covered with
a thin layer of yellow precipitate. No study was made on the precipitate.
Within a few hours following the formation of this precipitate the
crystals of mercuric acetate would form. The presence of the precipi-
tate was always necessary for crystal growth. The crystals had the
external form shown in Figure 3. When the mercuric acetate crystals
were removed from the dish the crystals were clear but after a few
hours they turned orange. EPR runs were made before and after the
color change with no difference noted in the spectra and , therefore
,
no further importance was placed on the color change.
3. Other Acetate Crystals
Single crystals of magnesium acetate tetrahydrate and barium
acetate hydrate were grown under the same conditions as above. Twenty-
five grams of salt combined with 100 ml of distilled water gave good
results. The addition of 10 ml of acetic acid to the solution gave even
a higher probability of getting good single crystals. .
22

Figure 3. The external appearance of mercuric acetate with the
orthogonal crystal axis system.
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C. CATALOGUING THE DATA
After obtaining the coupling constants and/or the g tensors at the
different orientations desired, it becomes necessary to locate the
orientation of the principal (radical (s) ) axes system relative to the
crystal axes system. The method chosen to do this is the interpretation
of a stereographic projection. Each 9 and on the net corresponds to
one orientation of the crystal relative to the magnetic field. Once the
values of the coupling constants are plotted on the net a reasonable
estimate of the principal values can be made. Tolles [21] presents an
excellent method to solve the stereographic projection to obtain approxi-
mate principal values. Once the approximate principal values have been
obtained from the net, a computer program exists [22] which performs
a least square fit of the parameters. The principal values are fed
into the computer to give a reasonable starting point to locate the
least squared best values. It is possible to derive values of the elements
of the A and/or g tensor in terms of the crystalline set of orthogonal
axes (xyz) as explained in Ref . 14. The transformation which diagonalizes
this tensor will then define the relative orientation of the x,y,z system
with respect to the radical principal orthogonal axes (X Y Z). If the
crystal structure of the molecule is known and it is assumed that the
orientation of the atoms in the radical does not differ with that of
the undamaged molecule, then these principal axes can be assigned.
Thus , the direction cosines which are obtained from diagonalizing the A
and/or g tensor are the same as the direction cosines of the radical
24

principal axes with respect to the crystal axis system. The principal
values of the A tensor will be along the principal axes in the radical [19].
The computer program listed in Appendix I will least square the input
data and then diagonalize the A and/or g tensors , printing out the
principal values and direction cosines with deviation from the calculated
values.
III. EXPERIMENTAL RESULTS
A. LITHIUM ACETATE DIHYDRATE
1. Spectra of Radicals Formed
EPR spectra obtained from x-ray damaged single crystals of
lithium acetate dihydrate were found to depend on the temperature of
the crystal during irradiation , the magnetic field orientation relative
to the crystal axes , and the temperature of the crystal at the time of
observation. Figure 4 shows the spectra of two crystals , both irradiated
at liquid nitrogen temperatures and observed at room temperature and at
173°K. The resonance lines shows a 1:2:1 intensity in the room temper-
ature spectrum while the 173°K spectrum shows the splitting of the
center line into two lines. Figure 5 shows the spectrum of a crystal
irradiated at room temperature for one hour and observed at 173°K.
The broadening of the center line is evident and analysis of the spectrum
would be. difficult. Figure 6 shows the spectra of a crystal irradiated
and observed at room temperature 2 hours and 24 hours following
irradiation. The decay of the 1:2:1 lines is evident and the intensify
25

of the other lines is unchanged. Figure 7 shows the same crystal at a
q
different ( ^ ) orientation as observed 2 hours and 25 hours following
irradiation.
After examination of the spectra of both room and liquid
nitrogen temperature irradiation, it was decided that the room
temperature irradiated crystal observed at 173°K provided little
information. Therefore , the lithium acetate crystal was studied at
173°K following irradiation at liquid nitrogen temperatures, and at
room temperature following irradiation at room temperatures.
2. Liquid Nitrogen Temperature Irradiation
EPR spectra of single crystals of lithium acetate dihydrate
following irradiation at liquid nitrogen temperature shows the formation
of only one species at any observation temperature. This species with
a 1:2:1 intensity has been identified by Crawford [19] and Valenti [20]
as the • CH2CO2 radical. To obtain coupling constants for this radical
the temperature of observation was varied until the best splitting of
the center line occurred. This optimum splitting was obtained at
173°K. Figure 4 shows this splitting of the center line.
9
Using various magnetic field orientations (*), the coupling
constants for the two protons of the * CH2CO2 radical were obtained.
The values were plotted on a stereographic projection and the best
estimates for the principal values were obtained. By use of the computer
program in Appendix I , these values were further refined by a least
26

of the other lines is unchanged. Figure 7 shows the same crystal at a
different ( w ) orientation as observed 2 hours and 25 hours following
irradiation.
After examination of the spectra of both room and liquid
nitrogen temperature irradiation , it was decided that the room
temperature irradiated crystal observed at 173°K provided little
information. Therefore
,
the lithium acetate crystal was studied at
173°K following irradiation at liquid nitrogen temperatures, and at
room temperature following irradiation at room temperatures.
2. Liquid Nitrogen Temperature Irradiation
EPR spectra of single crystals of lithium acetate dihydrate
following irradiation at liquid nitrogen temperature shows the formation
of only one species at any observation temperature. This species with
a 1:2:1 intensity has been identified by Crawford [19] and Valenti [20]
as the • CH2CO2 radical. To obtain coupling constants for this radical
the temperature of observation was varied until the best splitting of
the center line occurred. This optimum splitting was obtained at
173°K. Figure 4 shows this splitting of the center line.
Using various magnetic field orientations (ni ) , the coupling
constants for the two protons of the * CH2CO2 radical were obtained.
The values were plotted on a stereographic projection and the best
estimates for the principal values were obtained. By use of the computer




































































































































































































































square fit. The experimental (observed) and calculated values for the
coupling constants are shown in Figure 8. The agreement is excellent
with the largest difference found at the maximum and minimum coupling
constant values where the field vector is perpendicular to the C-H bond
and along the C-H bond respectively. The HCH angle was calculated to
be 118. 2°+ 2°. 0.
The g tensor was obtained by the method mentioned earlier.
The g tensor principal values were found to lie as expected for the
symmetry of the lithium acetate dihydrate crystal. The three principal
values were found to lie along the TT orbital, half way between the
HCH bond parallel to the C-C bond, and perpendicular to the HCH plane.
Table I lists the principal values of the coupling constants for the two
protons with their direction cosines.
3. Correlation with Crystallographic Data
Crawford [19] found that he could explain his results if he
assumed a planar configuration for the CH2CO2 radical. Since Valenti
[20] could not explain his results using the perpendicular model , the
planar model was decided upon for the lithium acetate dihydrate radical
• CH2CO2 . This planar model is shown in Figure 9.
The expected orientation of a * CH2CO2 radical in lithium
acetate dihydrate was calculated using the information given by Galigne
,
et. al. [23]. The crystal structure in lithium acetate dihydrate
orthorombic with space group Cmmm and the unit cell dimensionsop o





Figure 8A. H\ atom coupling constant versus orientation of magnetic
field in XYZ axis system for lithium acetate dihydrate.
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Figure 8F H2 atom coupling constant versus orientation of magnetic
field in XYZ axis system for lithium acetate dihydrate
= 90. Dashed line is calculated value.
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Principal values for the coupling constants and g tensor for the
• CH2CO2 radical in liquid nitrogen temperature irradiated lithium








Figure 9. Locations of the hyperfine axes in the * CH^CO^ radical
(planar configuration) [Ref . 19]
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The vectors for the distances between the appropriate atoms were
calculated and normalized to give the direction cosines of the vectors
relative to the crystal axis system. For example:
Vcic 2 =(0,-1,0)
V0102 = (0, .6088, -.7970)
The angle between the C^-C2 bond and the C0~ plane was calculated
from the above atom locations to be 0° and; therefore, the planar model
for the • CH9CO2 radical is valid. This assumes that the carbons do not
44

change positions following irradiation. A vector which is perpendicular
to both the CO2 and the CH2 planes can be expressed as:
V = Vo-,o
2
x Vc 1 c 2 =(-1,0,0)
By assuming that the HCH angle was 120° the direction cosines for the
C-H bonds were calculated:
Vp = Vc-^ x V =(0,0,-1)
\[7Vc^ = . 5VCXCJ +v-j- Vp = (0 , -. 5000 , . 8660)
<T-
Vc 1h 2 = -. 5VC-.C2 - *- Vp = (0 , . 5000 , -. 8660)2
4. Room Temperature Irradiation of Lithium. Acetate Dihydrate
Following irradiation at room temperature a single crystal of
Lj (CH3COO) • 2H
2
still showed the 1:2:1 spectrum for the CI^CO^
radical; however, the presence of at least one more species was found.
Figures 5 and 6 show these additional lines. The • CH2CO2 radical
present in the liquid nitrogen temperature irradiated lithium acetate
crystal was found to be present in room temperature irradiations. The
analysis of the additional lines seen in the room temperature irradiated
crystal was attempted but no positive results were obtained. Initial
attempts at interpreting the spectra as due to a single hydrogen atom
interaction proved to be incorrect. By waiting for the * CH^CCH radical
to decay it was hoped that the spectrum for the new species would become
easier to interpret, but this approach was also unsuccessful. No further




1. Spectra of Radicals Formed
Single crystals of mercuric acetate were irradiated at both
liquid nitrogen and room temperatures. The results of irradiation at
liquid nitrogen temperatures for 2 hours and observation at -170 C are
shown in Figure 10. The presence of two inequivalent sites was seen
by rotation of the crystal about and observing the splitting of the
line. Figure 11 shows two spectra seen following liquid nitrogen
irradiation and warmed to -80°C. The decay of the two species observed
at -170°C is seen. Figure 14 shows two spectra of room temperature
irradiated mercuric acetate crystals. One spectrum shows the familiar
1:2:1 intensity while the other which is rotated 30° about G shows a
splitting of the outer two lines.
2. Liquid Nitrogen Temperature Irradiation of Mercuric Acetate
Following two hours of liquid nitrogen temperature irradiation
mercuric acetate crystals were found to be extremely brittle. Great
care was needed to prevent the crystals from breaking into tiny slivers
which were useless for EPR studies. Future studies of this crystal at
low temperatures will require some type of permanent mounting which
will give no EPR signal following irradiation.
The spectrum observed at -170°C was very intense and completely
covered any other lines (Figure 10). The spectrum seen at -170°C
decayed rapidly when warmed to -80°C and when lowered again to -170°C
was not seen. This showed the irreversible nature of the species.
46

Since previous researchers had found the presence of the • CFUCCL radical
and also this radical was seen in lithium acetate dihydrate it was hypo-
thesized that the two intense spectral lines seen at -170°C were due to
• CO7 . The g tensor for • CO2 is well known and so by comparison it was
hoped to show that these lines in mercuric acetate were also * C0
2 .
By
the use of DPPH , as previously described, the g tensors for the two
species were obtained. Table II lists the g tensor principal values along
with their direction cosines. The accepted values from Ref . 14 are also
listed for comparison. The experimental values for the g tensors com-
pare favorably with accepted values and therefore
,
* CO2 radicals are
believed to be present at -170 C.
Upon warming the crystal to -80°C the spectra in Figure 11
were seen. The decay of the ' CO2 is evident and the presence of two
• CP^CCU radicals can tentatively be made. Figure 11 shows the eight
expected lines for two inequivalent • CH^CO-, radicals. After orienting
the crystal at various magnetic field positions the coupling constants
were obtained. Due to superposition and crossing over of the lines,
interpretation was quite difficult. Many plots of verses coupling
constants at constant 0's were made in an attempt to get smooth
sinusoidal curves. The final coupling constants assigned to each of the
four protons for the two * CH^CO radicals are shown in Figures 12 and 13.
The curves show the calculated values and the experimental values.
.Calculating the HCH angles for the two radicals gave 100. 5+2.









Figure 10. Spectra of liquid nitrogen temperature irradiated mercuric
acetate observed at -170°C. Top spectrum is at (150) and








Species Principal Values Direction Cosines
X
&1 gxx -2.00166 + .00003
gyy -1. 999608+ . 00003




g2 gxx -2. 00194+ .00004 9689 -.2693 .2462
g -1.99582+0.00003
g2Z -2.00040 + 0.00003
1987 -.5087 -.8377
1478 .8605 -.4875




g Tensors for the species present in liquid nitrogen temperature
irradiated mercuric acetate observed at -170°C. Accepted values
for g tensor of CO^ from Ref . 14 are included.
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of 120°. No attempt was made to explain the differences other than
experimental error. No crystallographic data has been published for
mercuric acetate and this would be a necessary step to completely under-
stand the angle differences if they are not due to experimental error.
Table III lists the principal values of the four coupling constants along
with their respective direction cosines.
3. Room Temperature Irradiation of Mercuric Acetate
Room temperature irradiation and observation of mercuric
acetate showed a different spectrum from liquid nitrogen irradiation
as seen in Figure 14. At some orientations the 1:2:1 intensity spectrum
indicative of the CH^CCK radical was seen. By simple 9 rotations,
however , the outer two lines would split indicating the presence of two
species. The center line would not split at room temperature and so
no coupling constants were obtained at this temperature. The interesting
fact about room temperature irradiation of mercuric acetate was that
upon lowering the temperature of the crystal to -80°C the same spectrum
was obtained as for a liquid nitrogen irradiated crystal warmed to -80°C.
This indicated a reversible behavior. Upon lowering the room temperature
of the irradiated crystal to -170°C the intense CO^ lines were not seen.




a TT in gaussHi B
Figure 12A H]_ atom coupling constants versus orientation of magnetic
field in XYZ axis systems for mercuric acetate. = 90
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a u in gaUss
Figure 12F = -60
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Figure 12G Ho atom coupling constants versus magnetic field
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a H-t in gauss
Figure 13A H^ atom coupling constants versus magnetic field
orientation in XYZ azis system. = 90
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Figure 13G H2 atom coupling constant versus magnetic field
orientation in XYZ axis system = 90
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H- 61.84 + 2. 55
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Principal Values for the coupling constants for the • CH2CO2 radicals in


















































A positive identification of the CH2CO2 radical in a liquid-nitrogen-
temperature irradiated single crystal of lithium acetate dihydrate has
been made. The orientation of the radical has been found with an HCH
angle of 118. 2° + 2. 0. The radical's configuration is planar. The
principal values of the A and g tensors were found to be the same
magnitude as tensors in other similar radicals in radiation damage
studies. The crystalline structure of lithium acetate dihydrate reported
by Galigne [23] was confirmed. No • CHo radical was observed in lithium
acetate dihydrate crystals in contrast to the previously reported results
for zinc acetate dihydrate , strontium acetate hemihydrate , and sodium
acetate trihydrate.
An unusual species in room temperature irradiated lithium
acetate dihydrate has been observed. The identity of this radical could
not be made. Initial attempts at interpreting the spectra as due to an
interaction with a single hydrogen atom proved to be inconclusive. The
unidentified species could be due to impurities and further study of this
crystal is warranted.
The simple EPR spectrum for liquid nitrogen temperature
irradiated single crystals of lithium acetate seem to indicate that this
crystalline host could be suitable for further impurity studies. Oney [25]
has recently conducted such studies in strontium acetate hemihydrate.
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The study of liquid nitrogen temperature irradiated mercuric
acetate showed the presence of two CO" radical species at -170°C.
The two CO 2 species were found to decay rapidly when warmed above
-80°C and when lowered again to -170 C the spectral lines were not so
intense. Two additional species in mercuric acetate irradiated at liquid
nitrogen temperature and observed at -80°C were found. Tentative
identification of these species was made as two inequivalent CH2CO2
radicals. The HCH angles in both of these species were found to be
100. °5 + 2.°0 and 113. °7 + 2.°0.
Room temperature irradiated mercuric acetate showed a
1:2:1 spectrum at some orientations and more splittings at other
positions of (h ). Upon lowering the observation temperature to -80 C
the same spectrum was observed as that seen in liquid nitrogen temper-
ature irradiated crystals observed at -80°C. This indicated that a
reversible behavior was present.
Further study of liquid nitrogen temperature irradiated
mercuric acetate is warranted. Either more data to obtain HCH angles
of approximately 120° or an explanation for the large variance is needed.
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